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Description 

This invention relates to solid electrolyte fuel 
cells, and more particularly provides a generator 
system comprised of such cells. 5 

High temperature solid electrolyte fuel cells 
convert chemical energy into direct current elec- 
trical energy, typically at temperatures above 
700°C. This temperature range is required to 
render the solid electrolyte sufficiently conductive 10 
for low power losses due to ohmic heating. With 
such cells, expensive electrode catalysts and re- 
fined fuels are not required For example, carbon 
monoxide-hydrogen fuel mixtures can be used 
directly, without conversion. Stabilized zirconia is js 
a prime electrolyte candidate, and is used in thin 
layers on ceramic tubular support structures. The 
support tubes for thin film high temperature solid 
oxide electrolyte cells are generally also made of 
stabilized zirconia and serve as ducts for one of 20 
the reactants, fuel or oxidant. This requires poros- 
ity in the support tubes. 

Many such fuel cells must be connected elec- 
trically in series for high voltages, since each cell 
has a terminal voltage of approximately one volt. 25 
A problem arises in the construction of larger 
generators because the fuel and oxidant, such as 
air, must be preheated to temperatures that re- 
quire high temperature heat exchangers, such as 
thosecomprisedof ceramics, a technology that is, 30 
for present purposes, economically unavailable. 

Large ceramic assemblies for high temperature 
operation, such as furnaces, usually consist of 
small building blocks that allow for free thermal 
expansion and thus alleviate cracking which 35 
otherwise could destroy such structures in an un- 
controllable manner. It has, therefore, been 
assumed that high temperature solid oxide 
electrolyte fuel cells must have construction 
features similar to existing larger ceramic struc- 40 
tures used at high temperatures. 

Sealing of such fuel cells has been a related 
concern because reactants must be separated. 
This Is a result not only of the need to separate the 
fuel and oxidant to avoid interaction other than 45 
electrochemical combustion, but also to avoid 
harming the electrodes which typically can oper- 
ate desirably only in either a fuel, or an oxidant, 
environment. 

In such systems, fuel consumption is not com- so 
plete and five to fifteen percent will remain in the 
anode exhaust. Similarly, an oxidant, such as air, 
which typically also functions as a coolant, is 
depleted In the fuel cells, although the oxygen 
depletion of air Is low» The depleted fuel is not 55 
utilized to its full capacity. To date, no 
economically and technically feasible systems 
have been proposed for the construction of high 
temperature solid oxide electrolyte fuel cell 
generators. Most concepts propose shell and tube eo 
heat exchanger type structures which rigidly seal 
fuel cell tubes either with ceramic or metal-to- 
ceramic seals. Such seals are complex, and have 
raised concerns regarding reliability. 

It is desirable to provide high temperature solid 65 



oxide electrolyte generating systems which allevi- 
ate these and other concerns and which provide 
reliable, efficient means of generating useful 
energy. 

This invention provides integrated fuel cell elec- 
trical generators and heat exchangers which 
alleviate concerns associated with present 
generator designs. It provides generators which 
allow a large degree of freedom In thermal expan- 
sion of components, and which eliminate the 
need for complex sealing arrangements and high 
temperature heat exchangers. 

The disclosed generators eliminate complex 
seals and allow the fuel and oxidant, in separate 
but not sealed chambers, to communicate in a 
controlled manner. Moreover, the communica- 
tion is primarily between depleted fuel and de- 
pleted oxidant, and utilizes the non-electro- 
chemical combustion reaction between the de- 
pleted fuel and depleted oxidant, as well as the 
sensible heat contained in the reaction products, 
to provide preheating as necessary for the 
electrochemical combustion. Thus, the generator 
incorporates a high temperature preheater which 
eliminates the need for a separate high tempera- 
ture heat exchanger, and eliminates the need for 
complex seals. 

In preferred form, a housing seallngly sur- 
rounds three chambers which communicate 
among one another through controlled seepage. 
A fuel inlet, or generator chamber, is separated 
from a combustion product or preheating 
chamber by a porous barrier. The combustion 
product chamber is separated from an oxidant or 
an air inlet chamber by a tube sheet. 

Tubular solid oxide electrolyte fuel cells extend 
from the combustion product chamber to the 
generator chamber. The tubular cells are close- 
ended within the generator chamber, and open- 
ended within the combustion product chamber. 
The cells thus pass through and can be partially 
supported by the porous barrier. 

Oxidant carrying conduits are loosely sup- 
ported at one end by the tube sheet, and extend 
through the combustion product chamber and 
into the open ends of the fuel calls. Each conduit 
corresponds to a single fuel cell and extends 
through the cell to a point near its closed end. The 
conduit Includes an open end, or discharge holes, 
near the closed end of the fuel ceil, so as todis- 
charge air into the fuel celf. 

During operation, preheated air at approxi- 
mately 600— 700*'C, enters the air inlet chamber 
and flows Into the conduits. The air then passes 
through the conduit, being heated further in this 
conduit in the combustion product chamber and 
being further heated to about SOOX in the portion 
of the conduits within the fuel cells. The air is dis- 
charged from the conduit, into the inside of the 
fuel cells, reverses direction and flows back to- 
ward the combustion product chamber. While the 
air traverses the Inside of the fuel cells, the 
electrochemical reaction takes place, generating 
direct current electrical energy, heat, and pro- 
ducts such as water vapor. The air is then dis- 
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charged through the open end of the fuel cells into 
the combustion product chamber. 

Fuel enters the generator chamber near the 
closed end of the fuel cells and flows over the 
periphery of the cells. The fuel electrochemically s 
reacts with the oxygen from the air, and reaches 
the porous barrier in depleted form. The hot, 
depleted fuel diffuses through the barrier, into the 
combustion product chamber, where it reacts 
directly with the oxygen depleted air. The sensible w 
heat in the depleted fuel and air, as well as the heat 
of the reaction, are utilized to preheat the entering 
air. The products of the direct fuel-air interaction 
are then discharged from the combustion product 
chamber, and the heat energy contained in the is 
products can be advantageously utilized, for 
example, to preheat incoming reactants in conven- 
tional metallic heat exchangers. 

The tube sheet supporting the air carrying 
conduits and segregating the air inlet chamber 20 
from the combustion product chamber need not 
be a sealed barrier, since leakage of air into the 
combustion product chamber merely supports 
combustion of the depleted fuel and air. 

The elongated fuel cells are preferably posi- 25 
tioned In a rectangular array forming rows and 
columns. The cells are electrically interconnected 
along their axial length in a series-parallel arrange- 
ment. The cells in a given row are connected in 
parallel so as to operate at a common voltage, and 30 
the cells of each column are connected in parallel, . 
so as to increase the output voltage. A current- 
collecting plate is preferably provided at each end 
of the fuel cell stack. 

Accordingly, it is an object of this invention to 35 
provide an improved high temperature solid 
electrolyte fuel cell generator with a view to over- 
coming the deficiencies of the prior art. 

The invention resides in a fuel celt generator, as 
claimed in the appended claims 1—9. 40 

The advantages, nature and additional features 
of the invention will become mora apparent from 
the following description, taken in connection with 
the accompanying drawings, in which: 

Figure 1 Is a broken perspective view of a fuel 45 
cell generator in accordance with the invention; 

Figure 2 is a section view of a conduit supported 
in a tube sheet; 

Figure 3 is a section view of a conduit disposed 
within a fuel cell; so 

Figure 4 is a view, partially in section, of a 
generator such as shown in Figure 1; 

Figure 5 Is a view, partially In section, of another 
generator in accordance with the Invention; 

Rgure 6 Is a view, partially In section, of yet ss 
another generator embodiment; and 

Figure 7 Is a simplified schematic showing 
exemplary flow paths of reactants and reaction 
products. 

Referring now to Figures 1 and 4, there is shown so 
a fuel cell generator 10 including a gas-tight 
housing 12. The housing 12 surrounds a plurality 
of chambers, including a generating chamber 14 
and a combustion product or preheating chamber 
16. An oxidant inlet chamber 18 can also be con- 65 
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tained within the housing 12. Alternatively, other 
means for manifolding an oxidant Into conduits 20 
can be utilized. The housing 12 is preferably com- 
prised of steel, and lined throughout with a 
thermal insulation 22 such as low density alumina 
insulation. Penetrating the housing 12 and insula- 
tion 22 is a fuel inlet port 24, an air Inlet port 26, and 
a combustion product outlet port 28, as well as 
ports for electrical leads. 

The generating chamber 14 extends between an 
end wall 30 of the housing 12 and a porous barrier 
32. The preheating chamber 16 extends between 
the porous barrier 32 and a tube support structure 
such as a tube sheet 34. The oxidant inlet chamber 
18 extends between the tube sheet 34 and another 
end wall 36 of the housing 12. The dividing barriers 
can include other structural types, and additional 
support and flow baffles can be incorporated. The 
shown barriers, the porous barrier 32 and the tube 
sheet 34, need not be sealed structures. The 
porous barrier 32, in particular, Is designed to 
allow flow between the generating chamber 14, 
operating at an approximate pressure slightly 
above atmospheric, and the preheating chamber 
16, operating at a slightly tower pressure, as indi- 
cated by arrow 38. While the generator 10 Is shown 
In a horizontal orientation In Figure 1, it can be 
operated In a vertical or other position. 

High temperature, elongated, solid oxide 
electrolyte tubular fuel cells 40 extend between the 
preheating chamber 16 and the generating 
chamber 14. The cells have open ends 42 in the 
preheating chamber 16, and closed end 44 in the 
generating chamber 14. The fuel cells are tubular, 
including a solid oxyde electrolyte sandwiched 
between two electrodes, supported on a tubular 
porous support. Each cell includes an electro- 
chemically active length 46 and an inactive length 
48. The active length is contained within the 
generating chamber 14. The closed end 44 of the 
cell Is electrochemically inactive, and can serve for 
final preheating of reactant fuel. 

Each Individual celt generates approximately 
one volt, and a plurality are electrically inter- 
connected, preferably in a series-parallel rec- 
tangular array. For descriptive purposes, the 
arrangement can be described as including rows 
50 and columns 52. Each cell in a row 50 is elec- 
trically connected along its active length 46 to the 
next adjacent cell, preferably through direct con- 
tact of their outer peripheries. For the preferred 
configuration shown in Figure 1, where fuel flows 
about each celt and an oxidant, such as air, flows 
within each cell, the anode is the outer periphery of 
each cell and the cathode is on the inside. Thus, 
cell-to-cell contact within a row Is in parallel, 
among adjacent anodes. 

Each cell in a column 52 is electrically inter- 
connected In series to the next adjacent cell 40. In 
the preferred configuration, this Interconnection Is 
made from the inner cathode of one cell to the 
outer anode of the next consecutive cell, through 
an interconnect 54. 

With the preferred configuration described and 
shown In Figure 1, cells in the first row 50' operate, 
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for example, at approximately one volt, in the 
second row 50" at approximately two volts. In the 
third row 50"' at approximately three volts, and 
so forth. Hundreds of cells can be so connected to 
achieve the desired voltage and current output. 
The direct current electrical energy thus genera- 
ted is collected by a single current collector, 
preferably a conductive metal plate 56 or felt pad, 
positioned in electrical contact with each cell 40 in 
the first row 50', and a similar second collector 
(not shown), positioned In contact with the last 
row. Electrical leads 58 are accordingly provided 
to the current collectors. 

The conduits 20 are preferably loosely 
supported at one end in the tube sheet 34 as 
shown best in Figure 2. The tube sheet 34 is 
preferably stainless steel, with bores 60 that fit 
loosely about the conduits 20 to allow free 
thermal expansion. The conduits 20 are prefer- 
ably comprised of alumina, and the tube sheet Is 
covered with an Insulation 62 such as low density 
alumina. Leakage of oxidant, as indicated by 
arrow 63, is acceptable. 

The conduits 20 extend from the tube sheet 34 
into the open end 42 of the fuel cells 40, a single 
conduit 20 corresponding to a single fuel cell. 
Each conduit 20 extends to the active length 46 of 
the fuel cell, and preferably close to the closed 
end 44 of the cell. This preferred configuration is 
shown in Figure 3, the conduit 20 being Inserted 
close to, but spaced from, the closed end 44. 
Radial supports 64 can be utilized to support each 
conduit 20 within the corresponding fuel cell 40. 
The actual support mechanism may be deter- 
mined based upon the operational orientation of 
the generator. Each conduit Is provided with a 
means for dischargfng a reactant medium Into the 
fuel cell 40, such as openings 66. The conduits can 
also be open ended and spaced from the end 44 
of the fuel cell, or can extend into direct contact 
with the end 44 of the cell, so long as thermal 
expansion is accommodated. 

The porous barrier 32, which allows a through- 
put of depleted fuel, is preferably a porous 
ceramic baffle, such as one comprised of fibrous 
alumina felt, or ceramic plate segments with 
porous inserts such as ceramic wool plugs, sur- 
rounding each fuel cell 40. 

During operation an oxidant such as air enters 
the inlet chamber 18 through inlet port 26. The 
chamber 28 functions as an inlet manifold for the 
individual conduits 20. Air enters the conduits at a 
temperature of approximately 500— 700X, and a 
pressure above atmospheric, being initially 
heated prior to entering the housing by conven- 
tional means such as a heat exchanger 68 (Figure 
7) coupled with a blower 70. The air flows within 
the conduits, through the preheating chamber 16, 
where it is further heated to a temperature of 
approximately 900*C. The air then flows through 
the length of the conduit, being further heated to 
approximately 1000X, and is discharged through 
the openings 66 into the fuel cell 40. The air within 
the fuel cell electrochemical ly reacts at the fuel 
cell cathode along the active length 46, depleting 



somewhat in oxygen content as it approaches the 
open end 42 of the cell. The depleted air is dis- 
charged into the combustion product or pre- 
heating chamber 16. 
s A fuel, such as hydrogen or a mixture of carbon 
monoxide with hydrogen, flows from pumping 72 
and preheating 69 apparatus into the generating 
chamber 14 through fuel inlet port 24. The fuel 
flows over and about the exterior of the fuel cells, 
to electrochemically reacting at the anode. The fuel 
Inlet port 24 is preferably located near the closed 
ends 44 of the cells 40, and accordingly depletes 
as it approaches the porous barrier 32. The 
depleted fuel, containing approximately five per- 
IS cent to fifteen percent of Its initial fuel content, 
diffuses through the barrier 32 and into the pre- 
heating chamber 16. 

The combustion products, including oxygen 
depleted air and fuel, along with any air leaking 

20 Into the preheating chamber 16 through the tube 
sheet 34, directly react exothermically. The heat 
of this reaction, which completely combusts the 
fuel, along with the sensible heat of the depleted 
fuel and air, are utilized to preheat the incoming 

25 air. The combustion products are discharged 
through combustion product outlet port 28 at a 
temperature of approximately WC. The remain- 
ing energy in the combustion products can be 
utilized to preheat the incoming air or fuel 

30 through, for example, a heat exchanger 68, 69, or 
to generate steam 71 in conventional generating 
apparatus 74 (Rgure 7). 

Since the preheating chamber 16 functions as a 
burning chamber for low BTU fuel, it can be pro- 

3S vided with structural barriers and baffles to con- 
trol temperature profiles and enhance the com- 
bustion process. 

It may also be desirable to preheat the fuel prior 
to Its contacting the active length 46 of the fuel 

40 cells 40. As shown In Figure 4, the fuel cells 40 can 
include an enlarged Inactive section 76 at the fuel 
entry end of the housing 12, to accomplish this 
purpose. The pressure in the preheating chamber 
16 is lower than that of the generating chamber 14 

45 or oxidant inlet chamber 18 in order to assure 
controlled directional leakage. 

Rgures B and 6 show alternate embodiments of 
a fuel generator 10, wherein the fuel anode is on 
the inside of the annular fuel cells and the oxidant 

so cathode Is on the outside. Both embodiments 
utilize the controlled leakage or seal-less arrange- 
ment described above. In Figure 5, four primary 
chambers are shown within the insulated sealed 
housing 112, Including an oxidant inlet chamber 

55 118, a generating chamber 114, a combustion 
product chamber 116, and additionally a fuel 
manifold inlet chamber 117. 

Oxidant preheating conduits 120 are mounted 
In a tube sheet 134, and fuel preheating conduits 

60 ' 121 are mounted in a second tube sheet 135. The 
mountings, including Insulation, can be similar to 
that described with reference to Rgure 2, allowing 
thermal expansion and leakage. The fuel conduits 
121 extend into tubular fuel cells 140, and the air 

65 conduits 120 are Interspersed among the cells. 
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The air conduits 120 can be arranged as rows 
interspersed among selected groupings of cells. 
For example, three columns of cells can be inter- 
connected in series-parallel as previously de- 
scribed, and electrically segregated from another 
grouping of three columns by a column of air 
conduits. In this case, peripheral electrical collec- 
tor plates would be associated with each group- 
ing of three columns. Alternatively, the cells can 
be interconnected among one another, with air 
conduits placed about the periphery of the entire 
set of interconnected cells. Additionally, If the 
cells are of large diameter relative to the diameter 
of the air conduits, the air conduits can be 
positioned In the gap between a grouping of, for 
example, four cells in a square array. 

Also utilized is an oxidant feedback duct 190. 
While the duct 190 is shown external to the 
housing 112, a flow duct through porous barrier 
132, within the housing 112, can also be utilized. 
The duct represents a preferred flow path, since 
the pressure in chamber 1 14 is greaterthan that in 
chamber 117, and the resistance along the duct is 
small. 

During operation, preheated oxidant, such as 
air, enters the oxidant inlet chamber 118, and Is 
manifolded to the conduits 120. The air traverses 
the conduits 120, being further preheated, and is 
discharged into generating chamber 114, where it 
flows about the fuel cells 140 and the electro- 
chemical reaction takes place. The cells include an 
active length. Depleted air then flows through the 
feedback duct 190 and Into the combustion pro- 
duct chamber 116, for direct combustion with 
depleted fuel. 

Preheated fuel enters fuel inlet chamber 117 
and flows through conduits 121, being further 
preheated. The fuel is then discharged into the 
fuel cells 140 and flows in the reverse direction, 
reacting in the electrochemical reaction. Depleted 
fuel Is then discharged into the combustion pro- 
duct chamber 116. In the combustion product 
chamber 116, the depleted fuel, depleted oxidant, 
fuel which may flow through the tube sheet 135, 
and oxidant which may flow through the barrier 
132, directly react to combust residual fuel and 
generate heat The heat of this reaction, along 
with the sensible heat contained In the depleted 
fuel and oxidant, preheat the fuel entering 
through conduits 121. Excess energy discharged 
with the combustion products through outlet 128 
can be advantageously utilized downstream of 
the generator. 

In the generators disclosed, when depleted fuel 
and other reactants, such as air, are mixed as 
required for the combustion reaction and cooling, 
provided by excess air, a gaseous mixture re- 
mains after direct combustion containing 
approximately ten percent oxygen. This level of 
oxygen content is sufficient to be used as a 
cathode gas. The embodiment in Figure 6 makes 
use of this oxygen content. 

As shown in Figure 6, fuel enters an inlet 
chamber 217, flows through conduits 221, is dis- 
charged Into tubular cells 240 having internal 



anodes, and then flows to combustion product 
chamber 216. Fresh oxidant, such as air, enters 
the combustion product chamber 216 through 
inlet 226, where it directly reacts with depleted 

6 fuel and fuel passing through the tube sheet 235. 
The mixture resulting from this direct combustion 
contains useable amounts of oxygen, and is 
directed from chamber 216 to a generating 
chamber 214 through an oxidant duct 292. The 

10 oxidant in the mixture electrochemically reacts 
along the active length of the fuel cells 240. A flow 
barrier 294, preferably comprised of alumina, 
directs the remaining mixture into a sub-plenum 
296, and out of the housing 212 through an outlet 

IS port 298. Diffusion of gases across a porous 
barrier 232 from combustion product chamber 
216 to sub-plenum 296 is likely, and does not 
detrimentally affect overall generator operation. 
Generators in accordance with the seal-less 

20 arrangements described are self-starting, since 
fuel is essentially combusted to provide hot, 
oxidant-rich gases for the cathode. Additionally, 
preheated fuel provides the gas for the anode. 
Also, lean fuel is directly combusted with oxidant 

25 In the combustion product chamber to further 
preheat the oxidant until a load is applied to the 
cells, at, for example, an active cell temperature of 
700°C. Ohmic heating (l*R) in addition to the heat 
of the electrochemical reaction, including 

30 polarization and entropic heat, will bring the 
generator up to its median operating temperature 
of approximately 1000*^0 at the active area. 

Electrical contacts to series-para lief connected 
cells is made preferably on the fuel side via metal 

35 plates, metal rods and felt metal pads. The con- 
tacts can be cooled In the feed through point of 
the external housing below the level where metal 
oxidation is detrimental. Current collection on the 
oxidizing side, the cathode, can be accomplished 

40 via special alloy current collectors that have con- 
ducting and protective oxide scales such as 
chromium, containing dispersed second phases 
of rare earth oxides. 

45 Claims 

1. A fuel cell generator comprising (a) a housing 
defining a plurality of chambers Including a 
generator chamber and a combustion product 

50 Chamber separated by a porous barrier, (b) a 
plurality of elongated tubular fuel cells each 
having a closed end and an open end with the 
latter disposed within the combustion product 
chamber and each extending from its open end 

55 through said porous barrier and into said 
generator chamber within which an electro- 
chemically active length of said cell is disposed, 
each cell having a conduit extending into that 
portion of said cell disposed within said generator 

60 chamber and each of said conduits having means 
for discharging a first gaseous reactant within its 
respective fuel cell, and |c) means for flowing a 
second gaseous reactant into said generator 
chamber and about said fuel ceils before dis- 

65 charging the resulting gas from said housing. 
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2. A generator according to clafm 1, wherein the 
means for flowing the second gaseous reactant is 
designed to pass the resulting gas through said 
porous barrier into said combustion product 
chamber before discharge through said housing. 

3. A generator according to claim 1, wherein the 
means for flowing the second gaseous reactant is 
designed to pass said reactant to said generator 
chamber via the combustion product chamber 
and after passage over the electrochemically ac- 
tive length of the fuel cells to discharge the 
resulting gas from said generator chamber 
through said housing, 

4. A generator according to claim 1, wherein the 
means for flowing the second gaseous reactant 
Includes duct means mounted externally of the 
housing and interconnecting the generator 
chamber and the combustion product chamber 
whereby resulting gas is conveyed to the latter 
chamber before discharge through said housing. 

5. A generator according to claim 4, wherein the 
means for flowing the second gaseous reactant Is 
also designed to pass the resulting gas into the 
combustion product chamber via the porous 
barrier. 

6. A generator according to any of claims 1 to 5, 
wherein the plurality of chambers Includes a first 
reactant chamber adjacent and separated from 
the combustion chamber by a tube sheet and in 
that said first reactant chamber has an inlet for 
admitting the first gaseous reactant which flows 
via said chamber through the conduits. 

7. A generator according to any of cfaims 1 to 6, 
wherein an end of each conduit Is positioned 
closely adjacent the closed end of its corre- 
sponding cell and each conduit has an opening 
through its wall for discharge of the first gaseous 
reactant. 

8. A generator according to any of the pre- 
ceding claims, wherein each fuel cell has an 
Inactive section extending from its open end, 
through the porous barrier and into the generator 
chamber, an electrochemically active section ex- 
tending from said Inactive section to a selected 
position within said generator chamber, and 
another inactive section extending from said 
selected position to the end of said cell. 

9. A generator according to any of the pre- 
ceding claims, wherein the porous barrier com- 
prises a ceramic feit. 

Patentanspruche 

1. Ein Brennstoffzellengenerator, bestehend 
aus (a) einem Gehause, das eine Vielzahl von 
Kammern deflniert, ein sch I ieSlich einer 
Generatorkammer und einer Verbrennungs- 
produktkammer, die durch eine porose Barriere 
getreant sind, (b) einer Vielzahl von langge- 
streckten rohrartfgen Brennstoffzellen, wobei jede 
ein geschlossenes Ende und eIn offenes Ende 
besltzt, wobei letzteres innerhalb der Ver- 
brennungsproduktkammer angeordnet ist und je- 
de sich von ihrem offenen Ende durch die porSse 
Barriere und in die Generatorkammer erstreckt, 



Innnerhalb der ein elektrochemisch aktives 
Langsstuck der Zelle angeordnet ist, wobei jede 
Zelle eine Leitung besltzt, die sich in den Teil der 
Zelle hinelnerstreckt, der Innerhalb der 

5 Generatorkammer angeordnet Ist, und wobei jede 
der Leitungen Einrichtungen aufwelst, um ein 
erstes gasfSrmiges Reaktionsmlttel Innerhalb sei- 
ner entsprechenden Brennstoffzelle abzugeben, 
und (c) Einrichtungen zum Elnstromen eines zwei- 

w ten gasformigen Reaktionsmittels in die 
Generatorkammer und um die Brennstoffzellen 
herum, bevor das sich ergebende Gas von dem 
GehSuse abgegeben wird. 
2. Ein Generator nach Anspruch 1, wobei die 

15 Einrichtungen zum Einstromen des zweiten gas- 
formige Reaktionsmittels so ausgefOhrt sind, daB 
sie das sich ergebende Gas durch- die porose 
Barriere in die Verbrennungsproduktkammer lei- 
ten, yorder Abgabe durch das Geh§use hindurch. 

20 3. Ein Generator nach Anspruch 1, wobei die 
Einrichtungen zum Einstromen des zweiten gas- 
fdrmlgen Reaktionsmittels so ausgefuhrt sind, 
daB sie das Reaktionsmlttel zu der Generator- 
kammer uber die Verbrennungsproduktkammer 

25 und nach der f^assage flber die elektrochemisch 
aktive LSnge der Brennstoffzellen zur Abgabe des 
sich ergebenden Gases von der Generator- 
kammer durch das Gehause hindurchlelten. 

4. Ein Generator nach Anspruch 1, wobei die 
30 Einrichtungen zum Einstrdmen des zweiten gas- 
formigen Reaktionsmittels Leitungseinrichtungen 
umfassen, die extern von dem Gehause montiert 
sind und die Generatorkammer und die Ver- 
brennungsproduktkammer miteinander ver- 

35 binden, wobei sich ergebendes Gas zu der zuletzt 
genannten Kammer Qbertragen wird, vor Aus- 
gabe durch das Gehause hindurch. 

5. Ein Generator nach Anspruch 4, wobei die 
Einrichtungen zum Efnstrdmen des zweiten gas- 

40 fdrmigen Reaktionsmittels auch so ausgebildet 
sind, daB sie das sich ergebende Gas In die Ver- 
brennungsproduktkammer Gber die porose Bar- 
riere lelten. 

6. EIn Generator nach einem der AnsprQche 1 
45 bis 5, wobei die Vielzahl von Kammern eine erste 

Reaktionsmittelkammer umfaftt, die angrenzend 
zur Verbrennungskammer liegt und von dieser 
durch ein Rohrblech getrennt Ist, und wobei die 
erste Reaktionsmittelkammer einen EinlaB zum 
50 Zufuhren des ersten gasformigen Reaktions- 
mittels besltzt, welches Gber die Kammer durch 
die Leitungen ftieBt. 

7. Ein Generator nach einem der AnsprQche 1 
bis 6, wobei das Ende einer jeden Leitung nahe 

55 angranzend dem geschlossenen Ende Ihrere 
zugehdrlgen Zelle angeordnet Ist und Jede Lei- 
tung eine Offnung durch ihre Wand zur Abgabe 
des ersten gasformigen Reaktionsmittels besitzt. 

8. EIn Generator nach einem der vorherge- 
€0 henden AnsprOche, wobei jede Brennstoffzelle 

einen inaktiven Abschnitt besltzt, der sich von 
ihrem offenen Ende durch die pordse Barriere 
und in die Generatorkammer hinelnerstreckt, 
einen elektrochemisch aktlven Abschnitt, der sich 
65 von dem Inaktiven Abschnitt bis zu einer ausge- 
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wahlten Position innerhalb der Generator- 
kammer erstreckt, und einen anderen Inaktiven 
Abschnitt, der sich von der ausgewahlten Stel- 
lung bis zum Ende der Zelle erstreckt. 

9. Ein Generator nach einenn der vorherge- 
henden Anspruche, wobei die porose Barriere 
einen keramischen Filz umfaKt 

Revendlcations 

1. Gen^rateura cellules k combustible compre- 
nant (a) un bottier formant plusieurs chambres 
avec une chambre de g6n6rateur et une chambre 
de produits de combustion separ^es par une 
barriere poreuse, (b) un ensemble de cellules a 
combustible, tubulaires, allongees ayant chacune 
une extremite ferm6e et une extr^mit6 ouverte, 
cette derniere etant log^e dans la chambre des 
produits de combustion et chacune s'^tendant de 
son extr6mlt6 ouverte h travers la barridre po- 
reuse et dans la chambre de gdndrateur dans 
laquelle se trouve une longueur ^lectrochimique- 
ment active de cette cellule, cheque cellule ayant 
une conduite s'^tendant dans cette partie de la 
cellule logde dans la chambre de g6ndrateur et 
chacune des condultes ayant des moyens pour 
^vacuer un premier agent de reaction, gazeux 
dans sa cellule ci combustible respective et (c) un 
moyen pour faire passer un second agent da 
reaction, gazeux dans cette chambre de genera- 
.teur et autour des cellules h combustible avant 
d'^vacuer le gaz resultant hors du boltier. 

2. GdnSrateur selon la revendication 1, carac- 
t6r[s6 en ce que le moyen pour faire passer le 
second r^actif gazeux est congu de fagon k faire 
passer le gaz resultant h travers la barriere po- 
reuse dans la chambre h produits de combustion 
avant T^vacuation h travers le bottier. 

3. Gdndrateur selon la revendication 1, carac- 
X6ns& en ce que le moyen pour faire passer le 
second agent de reaction gazeux est con<;u de 
fagon h faire passer cet agent de reaction dans la 
chambre du gdnirateur par I'intermediaire de la 
chambre des produits de reaction et aprds pas- 
sage sur la longueur ^lectro'chimiquement active 
des cellules k combustible pour ^vacuer le gaz 
resultant de cette chambre de g^nSrateur k tra- 
vers le boitier. 



4. G6n6rateur selon la revendication 1, carac- 
t^rtsS en ce que le moyen pour faire passer le 
second agent de reaction gazeux se compose 
d'une conduite montde k Text^rieur du boltier et 

6 reliant la chambre de g^n^rateur et la chambre 
des produits de combustion, de fagon que le gaz 
resultant soit transf6r6 k cette derni§re chambre 
avant d'etre 6vacu6 k travers le boitier. 

5. G6n6rateur selon la revendication 4, carac- 
10 t6ris6 en ce que le moyen pour faire passer le 

second agent de reaction gazeux est 6galement 
congu de fagon k faire passer le gaz resultant 
dans la chambre des produits de combustion k 
travers la barriere poreuse. 

fs 6. Gdn^rateur selon I'une quelconque des 
revendlcations 1 k S, caract6rise en ce que I'en- 
semble des chambres comprend une premiere 
chambre de reaction adjacente de la chambre de 
combustion en 6tant s6par6e de celle-ci, par une 

20 gains tubulaire et en ce que la premiere chambre 
de reaction comporte une entree pour recevoir le 
premier agent de reaction gazeux qui s'6coule k 
travers les conduftes par I'intermfidialre de cette 
chambre. 

25 7. G^n^rateur selon I'une quelconque das 
revendlcations 1^6, caractdrisd en ce qu'une 
extr^mitd de chaque conduite se trouve au volsl* 
nage immediat de Textremit^ fermee de sa cel- 
lule correspondante et en ce que chaque 

30 conduite comporte une ouverture k travers sa 
parol pour dvacuer le premier agent de reaction 
gazeux. 

8. G^ndrateur selon Tune quelconque des 
revendlcations pr^cddentes, caract6risd en ce 

35 que chaque cellule k combustible comporte une 
section inactive s'dtendant entre son extrdmit§ 
ouverte k travers la barridre poreuse et dans la 
chambre de gdndrateur, une section Electro- 
chimiquement active s'^tendant de la section 

40 inactive Jusqu'd une position choisie k Tint^rieur 
de la chambre de g^nSrateur et une autre section 
inactive s'6tendant de ta position cholsle jusqu'^ 
I'extr6mit6 de la cellule. 

9. G^n^rateur selon i'une quelconque des 
45 revendications pr6c6dente8, caract6ris6 en ce 

que la barridre poreuse est un tlssu en c^ra- 
mique. 
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